[1] Wave propagation plays an important role in linking the chorus source in the plasma trough region and the hiss emission in the plasmasphere. We investigate the dependence of plasmaspheric hiss on the background plasma density, which essentially controls the evolution of chorus after its generation at MLT = 10. The variation of plasma density under study includes variation of the location and width of the plasmapause, and the variation of the density distribution in the trough. We demonstrate that the plasmapause shape does not affect the peak hiss intensity significantly, but it does regulate the hiss intensity near the field-aligned direction. As the plasmasphere contracts or the plasmapause width increases, the field-aligned component of plasmaspheric hiss become relatively more intense, as does the intensity of hiss in the inner region, although the peak hiss intensity remains about the same. The trough density distribution, on the other hand, directly influences the accessibility of chorus rays into plasmasphere, and therefore plays an important role in the peak hiss intensity. As the density gradient in the plasma trough increases toward the plasmasphere, the resulting peak in the hiss intensity can increase by up to 10 dB.
Introduction
[2] Plasmaspheric hiss is a naturally occurring broadband incoherent emission, mostly confined to the plasmasphere [e.g., Thorne et al., 1973] and the high-density plume region [e.g., Summers et al., 2008] , with frequency typically in the range of 200 Hz to 2 kHz. Although several ideas have been proposed to account for the origin of hiss, there is increasing evidence [e.g., Bortnik et al., 2009; Wang et al., 2011] that the source of hiss inside the plasmasphere is a result of the evolution of discrete coherent chorus emissions, which are generated outside the plasmapause due to a cyclotron resonant instability with anisotropic electrons in the range of a few to tens of keV [e.g., Jordanova et al., 2010] and then subsequently propagate into the plasmasphere [Bortnik et al., 2008] . Both hiss and chorus have been recognized as playing important roles in controlling radiation belt dynamics and their quasi-equilibrium structure. Hiss is responsible for the loss of energetic electrons within the plasmasphere and in high density plumes [e.g., Lyons et al., 1972; Lyons and Thorne, 1973; Thorne, 1998a, 1998b; Albert, 2005; Summers et al., 2008] , and chorus contributes to both loss and acceleration in the outer radiation belt [e.g., Li et al., 2007; Lorentzen et al., 2001; Thorne et al., 2005; Xiao et al., 2009] .
[3] Wave propagation in the magnetospheric medium plays an essential role in linking the two emissions [Bortnik et al., 2008] . One of the key properties that controls the characteristics of wave propagation is the density distribution of cold plasma (electrons and ions in the eV energy range with thermal speed much less than the phase speed of the waves of interest). The plasmapause, a sharp boundary separating the high density plasmasphere (>$100 cm À3 ) and the low density trough region (<$10 cm À3 ), has been recognized as a critical component in controlling the propagation characteristics and also the excitation of plasma waves in the magnetospheric medium. Examples of the effects include preferential excitation of EMIC waves along the plasmapause [Horne and Thorne, 1993; Chen et al., 2009b Chen et al., , 2010 , ground accessibility of chorus wave along the plasmapause [Golden et al., 2010] , equatorial accessibility of auroral kilometric radiation (AKR) controlled by the size of plasmapause [Green et al., 1977; Xiao et al., 2007] , azimuthal propagation of equatorially confined magnetosonic waves guided along the plasmapause [Kasahara et al., 1994] , and more relevant to the present study, the trapping of chorus waves inside the plasmasphere [Bortnik et al., 2008] .
[4] There are a great number of theoretical and observational studies dealing with the structure and variability of the plasma density in the magnetosphere (see recent review papers by Sandel et al. [2003] , Reinisch et al. [2009] , and Singh et al. [2011] ). For example, the size of the plasmasphere (or plasmapause) decreases with increasing geomagnetic activity [e.g., Grebowsky, 1970; Chappell et al., 1970] . The dynamical evolution of the plasmasphere is a complicated process involving dayside refilling from the ionosphere balanced by nightside drainage to the ionosphere [e.g., Carpenter and Park, 1973] , and modulated by the variability of the convection electric field [e.g., Grebowsky, 1970; Spasojević et al., 2003; Goldstein et al., 2002] . There are cases where the 'classic' isolated sharp density gradient plasmapause does not exist [Moldwin et al., 2002] , and a smooth transition from plasmasphere-like high density to trough-like low density, also known as plamsaspheric boundary layer (PBL) [Carpenter and Lemaire, 2004] , is often observed. The PBL provides a favorable condition for observing correlation of the chorus emission and the hiss emission inside the plasmasphere [Wang et al., 2011] . Recent plasmasphere studies revealed a number of structures inside and along its boundary, such as a density trough within the plasmasphere [Fu et al., 2010] , and a plasmaspheric shoulder in the morning sector [e.g., Goldstein et al., 2002] . Variability of trough densities is also observed in various spacecraft measurements [e.g., Carpenter and Anderson, 1992; Sheeley et al., 2001] , and is strongly dependent on the state of convection electric field [Harris, 1974] . The radial variation of the equatorial trough density scales typically as L
À5
in the midnight-noon sector and L À3 in the noon-midnight sector [Poulter et al., 1984] . Trough densities at low altitudes also show a seasonal variation even during geomagnetically quiet times [Kitamura et al., 2009] .
[5] Chorus is typically generated in the low-density trough region, and subsequently propagates away from the equator before entering the plasmasphere at high latitudes. Density gradients in the trough and near the plasmapause can affect the entry of chorus waves into the plasmasphere. The motivation of this study is to examine how the variability of the plasmapause and trough density could affect the properties of hiss inside the plasmasphere. The response of hiss to changes in the chorus source distribution has been investigated for a single prescribed plasma density distribution in a companion paper by Chen et al. [2012] (hereinafter referred to as paper I). The present study is organized as follows. In section 2, the plasma density model used in the present study is described. The ray tracing model for hiss spectrum is presented in section 3. The simulation results on the relationship between hiss and the density distribution are shown in section 4, followed by conclusions in section 5 and a discussion in section 6.
Cold Plasma Density Model
[6] To study wave propagation in the inhomogeneous magnetosphere, we use a ray tracing code HOTRAY [Horne, 1989] to follow the trajectories of a large group of rays from their source region in the plasma trough. Ray tracing requires analytic models of the magnetic field (dipole field) and the plasma density. A simple but realistic and analytic plasma density distribution, which allows control of the shape of the plasmapause and the variability of the trough, representative of the dayside region (MLT=10) is described in section 3 of paper I. Here we describe the density model briefly and emphasize description of interest for the present study.
[7] The density distribution is constructed as follows:
where the characteristic plasma populations in the ionosphere (N i ), the plasmasphere (N ps ) and the trough (N tr ), are specified and analytically connected, as is required for ray tracing. g(L) controls the shape of the plasmapause (the transition from the plasmasphere to the trough), defined as,
where L ppo is the outer edge of the plasmapause, and L ppw represents its width.
[8] The plasma trough density N tr is modeled as:
where the equatorial density in the plasma trough is n etr (L) = 13200L ppo
, which yields the trough density at the outer edge L = L ppo according to Carpenter and Anderson [1992] and also allows for the variation of the trough density slope b. a tr (L) is chosen such that N tr (L, r = 1) = n 0tr , independent of L, i.e., N tr tends to merge toward n 0tr at r = 1 along any field line in the plasma trough. n 0tr is an approximate measure of the trough base density just above the topside ionosphere and determines the latitudinal variation of trough density along a given field line. For example, n 0tr = 500 cm À3 gives a tr $ 2.5, a value typical of the plasma trough [Denton et al., 2002] .
[9] In summation, there are four free parameters yet to be specified in our density model, L ppo , L ppw , b, and n 0tr . The first two control the location and width of the plamsapause respectively, while the last two determine the equatorial variation and latitudinal variation along a field line of the plasma density in the trough region respectively. As in our companion paper, we choose L ppo = 4.5, L ppw = 0.7, b = À4.5, and n 0tr = 500 cm À3 as the nominal case, whose density distribution is shown in Figures 1c and 1d (the two are identical). Also shown are density distributions of cases similar to the nominal case, but having one of the four parameters being varied L ppo = 3.5 (Figure 1a ), L ppw = 3.0 (Figure 1e ), b = À5 (Figure 1b) , and n 0tr = 5000 cm À3 ( Figure 1f ). Our adopted model allows us to vary the plasmapause shape, including the width and location, without affecting the trough density model, and thus enabling us to isolate the effect of the plasmapause alone on the hiss spectrum. We can also isolate the effect of the equatorial density distribution and latitudinal variation in the trough without changing the plasma density inside the plasmapause L ≤ L ppo . Note that no appreciable difference is seen between Figures 1b (b = À5) and 1 d (b = À4.5), since the change of the trough density at the same equatorial location is less than 1 cm À3 . However, the increase in trough density slope (|b|) can result in significant intensification of the hiss emission as shown in section 4.
Ray Tracing Model
[10] The methodology of modeling the hiss spectrum is based on a ray tracing technique, explained in detail in our previous works [Bortnik et al., 2011b; Chen et al., 2012] . We launch a set of rays from the equator outside the plasmapause at a range of L-shell L i with a range of initial wave frequency f i and normal angle y i , to represent the distribution of excited chorus rays. For any density model specified by a combination of the four parameters (L ppo , L ppw , b, and n 0tr ), totally $10 5 rays are traced. Each chorus ray is assigned with an initial power according to
where X i = tany i , X m = tany m , X w = tany w , y m and y w represent the wave normal peak and width respectively, f m and f w are the frequency peak and width respectively, and A L is the normalization factor such that
with f 1 and f 2 denoting the lower and upper cutoff frequencies of the lower band chorus respectively. The spatial distribution of wave magnetic field amplitudes B w (L) is chosen to be of Gaussian form,
The chorus source distribution (equations (4) and (6)) in the present study is chosen as L peak = 7, L w = 1.5, L peak = 100 pT, y m = 0 , y w = 45 , f m = 0.25f ce , f w = 0.15f ce , f 1 = 0.1f ce , and f 2 = 0.5f ce (see paper I).
[11] In addition to wave propagation, the wave Landau damping is also evaluated by using suprathermal electron (0.1-10 keV) distributions at MLT = 10 based on THEMIS observations as discussed in section 2 of paper I. Based on our tracing of the raypath, wave normal, and wave power of all rays, we reconstruct the wave power, P w (L, l, f, y) in unit of pT 2 /Hz/deg, as a function of spatial coordinates L and latitude l, wave normal angle y and wave frequency f, according to the method described by Bortnik et al. [2011b] .
[12] A key piece of understanding that is important for linking chorus and hiss is knowledge of how the chorus rays access the plasmapause, which provides the seed emission that is subject to subsequent evolution inside the plasmasphere. Figure 2 shows ray tracing of chorus rays launched in the nominal density distribution at L = 6 with frequency f = 0.15f ce and a full range of northward pointing wave normals (cos(y i ) > cos(y res ), where the resonance cone y res $ 81 ) at MLT = 10. Note that positive and negative signs of y denote anti-Earthward and Earthward pointing wave normals, respectively. Only the northward portion of the raypath prior to the first equatorial crossing is shown and the rays are separated into four groups according to the characteristics of the raypaths. The first group of rays with À81 ≤ y i ≤ À68
( Figure 2a ) never reach the plasmapause and do not contribute to the hiss intensity. The waves are either attenuated by strong Landau damping due to oblique propagation, or their propagation paths do not reach the plasmapause. The second group of rays with À 67 ≤ y i ≤ À 60 ( Figure 2b ) can reach the plasmapause, but the rays perform magnetospheric reflections (i.e., passage of y = AE90
) before the plasmapause crossing (i.e., crossing L = L ppo ), which occurs at lower latitudes for higher initial wave normal angles y i (less negative). After reflection, these rays propagate more or less along the plamaspause. Although some of these rays can propagate into the plasmasphere after reflection on the southern hemisphere, the amount of power these rays carry is relatively weaker than the third group rays mentioned below, because of the weaker initial wave power, which originates at very oblique initial wave normal angles (that are weighted more weakly in our model), and stronger damping due to longer exposure outside the plasmasphere. The third group of rays À 59 ≤ y i ≤ À 35 ( Figure 2c ) cross the plasmapause at l > $40 followed by magnetospheric reflections inside the plasmasphere. Their plasmapause passage occurs generally at higher latitudes for less negative initial wave normal angles y i . This group of rays, especially those with less oblique initial wave normal and thus greater initial wave power, are the dominant contributor to the hiss emission inside the plasmasphere through entry at high latitude into the plasmasphere, which is consistent with earlier observations [Russell et al., 1969] that initially suggested that the high latitude region ($45 ) was the source of the steady hiss noise. The L range where these chorus rays first cross the equator is limited to 2.5 < L < 3.5, instead of occurring over the entire L range inside the plasmasphere. However, as pointed out in paper I, the plasmaspheric hiss observed at other locations is due to the multiple bounces occurring subsequently within the plasmasphere [Bortnik et al., 2011a] . The fourth group of rays y i ≥ À34 (Figure 2d ) do not access to the plasmapause but instead undergo magnetospheric reflections to higher L-shells.
Hiss Response to Cold Plasma Density Distribution
[13] The response of hiss to the variation of chorus distribution (the input of magnetospheric system), including spatial, frequency and wave normal angle distribution, has been investigated in paper I in a magnetosphere with a prescribed cold plasma density model. In the present study, we examine the response of hiss to the change in the cold plasma density distribution with a typical chorus distribution prescribed by observations. As in paper I, we focus on the equatorial emission (l = 0 ), defining the emission inside the plamasphere (L < L ppo ) as hiss and the emission outside the plasmapause as chorus.
Plasmapause Boundary
[14] The location of the plasmapause depends on the level of geomagnetic activity. As geomagnetic activity increases, the outer portion of plasma is stripped away toward the dayside due to enhanced convection, and the location of the plasmapause consequently moves Earthward. The response of hiss to variation in the location of the plasmapause is investigated by varying L ppo , which represents the outer edge of the plasmapause. Figure 3 shows the equatorial plasma density distribution (Figure 3a) , and the simulated equatorial wave amplitude (Figure 3b ). As the plasmapause moves inward, the peak hiss wave intensity also shifts toward the Earth. To compare the resulting hiss, we define a gain, G p , Figure 2 . Examples of ray trajectories in the nominal density model (L ppo = 4.5, L ppw = 0.7, b = À4.5, and n 0tr = 500 cm À3 , as shown in Figures 1c and 1d ), launched at L = 6 with f = 0.15f ce , divided into four groups of initial wave normal angle range:
. y i , in units of degree, is color-coded. Only a portion of the ray trajectories before the first equatorial crossing since launch are shown. The black dashed line indicates the field line at the outer edge of plasmapause L = L ppo = 4.5. Eight dotted lines represent the constant latitudes from 10 to 80 in 10 spacing.
which measures the ratio of peak hiss intensity to that for the nominal density distribution,
Peak hiss intensity P n ; in dB;
where P n is the peak hiss intensity (366 pT 2 ) for the nominal density distribution (black line in Figure 3b ) and G p = 0 dB for the nominal density distribution. The peak hiss intensity does not change significantly due to the change in the plasmapause, G p = +2.8 dB (B peak = 26 pT) for L ppo = 3.5, G p = 1.6 dB (B peak = 23 pT) for L ppo = 4.0, and G p = À2.5 dB (B peak = 14 pT) for L ppo = 5. It should be kept in mind that G p does not measure the intensification or suppression of hiss intensity at any fixed L-shell. It is clearly shown in Figure 3b that the intensification at L = 2.4 can be up to 12.7 dB, compared with $6 pT in the case of L ppo = 5 (blue line) and $26 pT in the case of L ppo = 3.5 (red line). The motion of the plasmapause could therefore lead to variability of the hiss intensity in the inner plasmasphere by an order of magnitude or more.
[15] The inward shifting of the hiss wave power can be explained by examining the behavior of rays with the same initial chorus conditions (launched at L i = 6, y i = À40
, and f i = 0.15f ce ), in models having different plasmapause locations, L ppo = 4.5 (black line in Figure 3c ) and L ppo = 3.5 (red line in Figure 3c ). As expected, the raypaths and wave vectors along the raypath in the trough regions are identical for both cases, as the ray propagates toward higher latitude and the Earth before reaching L = 4.5. However, for the case L ppo = 4.5 the ray reaches the plasmapause earlier and at lower latitude than the ray for the case with L ppo = 3.5. The L ppo = 4.5 ray rotates its wave normal direction toward the high density plasmasphere due to the density gradient of the plasmapause, according to Snell's law. Following the magnetospheric reflection when f < f 1hr , where the wave normal angles pass through 90 , the ray propagates toward the equator, finally reaching the equator at L $ 3.1. In contrast, with L ppo = 3.5, the ray continues to propagate after L = 4.5, experiences the plamaspause density gradient at higher latitude and lower L, and subsequently reflects and returns to the equator at lower L-shell, namely L = 2.4. Erosion of the plasmasphere ensures a plasmapause crossing at higher latitudes and lower L-shells, resulting in equatorial crossings at lower L, and hence an Earthward shift of the hiss intensity on the first equatorial crossing, which controls the inner peak of the two peak structure (see paper I). Therefore, an Earthward shift of the inner peak of the equatorial hiss intensity is seen in Figure 3b , as L ppo decreases.
[16] The plasmapause width also shows a strong dependence on geomagnetic activity as well as local time with the broadest transition occurring near dusk, especially in the presence of the afternoon plume [e.g., Carpenter and Anderson, 1992] . In such cases, a plasmasphere boundary layer type transition instead of a 'classic' sharp boundary plasmapause is often observed [Moldwin et al., 2002] . The effect of such variability of the plasmapause width on hiss intensity is examined. Figure 4a shows the equatorial density distribution with the same outer edge (L ppo = 4.5) but different widths of the plasmapause. The widest plasmapause L ppw = 3 is the case where there is a smooth density transition between plasmaspheric type plasma and trough type plasma (red line in Figures 4a and 1e) , representing the plasmasphere boundary layer [Carpenter and Lemaire, 2004] . The simulated equatorial wave amplitude is shown in Figure 4b . The peak hiss amplitude does not change much even with a pronounced variation of the plasmapause width (L ppw = 3, 2, 0.7, 0.2): 22 pT (G p = 1 dB, red), 22 pT (G p = 1 dB, green), 19 pT (G p =0 dB, black), and 17 pT (G p = À1 dB, blue). However, the inner peak of the hiss intensity moves toward lower L, which enhances the hiss intensity in inner plasmasphere up to one order of magnitude ($9 dB enhancement at L = 2.4 by increasing L ppw = 0.2 to L ppw = 3). The outer peaks remain at similar locations 3.5 < L < 4.
[17] The reason for the inward shift of the peak hiss intensity in the case of an increased plasmapause width is illustrated in Figure 4c by tracing the same source ray in density models with different L ppw (= 0.7 black, =3 red). The black line in Figure 4c is identical to that in Figure 3c . The L ppw = 3.0 ray (red line) propagates inside the trough region exactly the same way as the L ppw = 0.7 ray (black line), but experiences a smoother density gradient associated with wider plasmapause and the wave normal direction rotates more slowly toward y = 90 (reflection). Magnetospheric reflection then occurs at lower L-shells, resulting in an equatorial crossing at lower L. As a consequence, inner peaks progressively shift Earthward (Figure 4b ) as the plasmapause width increases.
[18] As shown above, the location and width of the plasmapause can affect the spatial location of the power deposited by chorus waves on their first equatorial crossing within the plasmasphere. Changes in the plasmapause can also affect the resulting frequency and wave normal angle distribution of hiss. Figure 5 shows the examples of simulated frequency spectrum (Figures 5a, 5c , and 5e) and wave normal angle distribution (Figures 5b, 5d , and 5f) for three cases L ppo = 3.5 and L ppw = 0.7 (Figures 5a and 5b) , the nominal case L ppw = 4.5 and L ppw = 0.7 (Figures 5c and 5d) , and L ppo = 4.5 and L ppw = 3 (Figures 5e and 5f ). The corresponding density distributions for these three cases are shown in Figures 1a, 1c, and 1e , respectively. For all the three cases the simulated hiss frequency spectrum lies in the typical observed hiss frequency range 200 Hz-2 kHz, and the high density plasmasphere serves as an excellent cavity for the hiss emission separating it from the chorus emission outside the plasmapause. Although the chorus intensity peak (L peak = 7) is 3.5 R E away from the outer edge of the plasmapause for the case L ppo = 3.5, the chorus still contributes to the formation of the plasmaspheric hiss with intensity comparable to that in the case with L ppo = 4.5 (compare Figure 5a with Figures 5c and 5e) . Comparison of the wave normal distributions with the nominal case (Figure 5d) shows that a contracted plasmasphere (Figure 5b ) or wider plasmapause (Figure 5f ) tends to enhance the hiss wave power near the field-aligned direction and conversely . This preference for field-aligned waves is as a consequence of the increased possibility that waves experience internal reflections at the plasmapause. Field aligned wave normals near the equator are favored either with a contracted plasmasphere (Figure 5b ) or due to an increased region with large inward density gradient (Figure 5f ). The case with large plasmapause width (L ppw = 3) also reveals fine structures of the frequency and especially the wave normal distribution inside the plasmapause boundary layer (Figures 5e and 5f ), with nearly uniform wave normal angle distribution except for a gap at y $ AE90
at the inner layer of the plasmapause. The hiss emission tends to be more confined to the high density region L < 4 (>$70 cm À3 ), leaving a much weaker emission at the outer layer of plasmapause boundary (4 < L < 4.5).
Trough Density Distribution
[19] Hiss inside the plasmasphere is also controlled by the density distribution in the trough, where chorus is generated. Two parameters, b and n 0tr , control the trough density distribution near the equatorial region and along field lines at higher latitudes respectively. In this section, we will Figure 5 . The simulated (a, c, and e) equatorial frequency spectrum and (b, d, and f) wave normal angle distribution using three different plasmapause density models: L ppo = 3.5 and L ppw = 0.7 (Figures 5a and  5b) , L ppo = 4.5 and L ppw = 0.7 (Figures 5c and 5 d) , and L ppo = 4.5 and L ppw = 3.0 (Figures 5e and 5f ). The vertical dashed lines represent L = L ppo . The three dot-dashed black lines in Figures 5a, 5c , and 5e indicate 0.5 f ce , 0.1 f ce and f 1hr , from top to bottom.
investigate the effects of b and n 0tr on the resulting distribution of hiss.
[20] The response of hiss to the equatorial trough density distribution is investigated by varying the trough equatorial density slope b while keeping the density at L ≤ L ppo , and in the trough at low altitude the same. Figure 6a shows the resulting equatorial density distributions. Although the difference between the equatorial density for b = À4 (blue line) and b = À5 (red line) is small (<$1 cm À3 ), the changes in hiss peak amplitude are significant (Figure 6b ): $10 pT (blue), 19 pT (black) and 37 pT (red), corresponding to G p = À5 dB, 0 dB, +6 dB. The enhancement of equatorial hiss intensity occurs throughout the entire L range inside the plasmasphere, as |b| increases. The inner hiss peak locations for all three cases are about the same, indicating that the value of b in the trough has little effect on the first equatorial crossing of rays after entry into the plasmasphere.
[21] Figure 7a shows the behavior of the nominal ray to density models with different b. For l < 10 the raypaths for all three cases are about the same. The raypaths begin to deviate from each other at higher latitudes: for lower value of b (= À5, red line) the ray propagates to lower L-shells than the ray with higher b (= À4, blue line). This deviation of the raypaths is a consequence of the increased Earthward turning of the wave vector associated with increased density gradient in the trough. The deviation becomes larger as rays propagate over longer distance, since the amount of Earthward turning is accumulated along the raypaths. For the density model with b = À4 (blue line), the nominal ray never reaches the plasmapause because it experiences insufficient Earthward turning. For lower b (black and red lines) the Earthward turning is more pronounced and thus rays enter into the plasmasphere. The ray with the lowest b (red line) reaches the plasmapause at lower latitudes, and crosses the equator inside the plasmasphere at higher L. Figure 7b shows the latitude at which chorus rays first reach the plasmapause (L = L ppo ) as a function of initial chorus source wave normal angle for three different trough density models. The dependence of the rays entering the plasmapause (black line in Figure 7b ) in the nominal density distribution is also illustrated by Figure 2 . Chorus waves that are unable to enter the plasmasphere include the rays with y i ≤ À68 (Figure 2a ) and y i ≥ À34 (Figure 2d ). All chorus rays with À67 ≤ y i ≤ q À35 (Figures 2b and 2c) can contribute to the intensity of plasmaspheric hiss. However, because the intensity of lower band chorus tends to peaks in the field-aligned direction [Li et al., 2011] , the largest contribution to hiss intensity will come from chorus with smaller |y i |, namely those with y i just below À35
for the case illustrated. The hiss intensity increases as b decreases, primarily because the number of rays entering the plasmasphere increases, especially those with less negative wave normal angle and thus higher wave power. As shown in Figure 7b , the least negative wave normal for waves entering the plasmasphere increases from À42
, to À35 , to À26 , as b decreases from À4, to À4.5 and to À5.
[22] We also investigate the effect of varying the trough density gradient at low altitude by varying n 0tr from 500 cm À3 , 2000 cm À3 , to 5000 cm À3 , while keeping the equatorial trough density distribution and the plamasphere density distribution the same. The value of n 0tr , varying widely from a few 100 s to 10 4 cm À3 [Kitamura et al., 2009] , is strongly dependent on the amount of solar radiation absorption, which depends on local times and seasons. Although n 0tr directly controls the latitudinal variation along field lines, the quantity which controls the accessibility of chorus rays from outside to inside the plasmasphere is the trough slope index T = r ? N e (LR E /N e ), where ? denotes the component of density gradient perpendicular to the ambient magnetic field, and T = b at the equator. T is a measure of the density gradient in the perpendicular direction and thus is closely related to the turning of chorus ray across magnetic fields. Figure 8a shows the dependence of T on L at l = 30 for three different values of n 0tr . For the prescribed three cases, |T | remains the same in the plasmasphere but decreases in the trough as n 0tr increases. The simulated equatorial hiss wave power for these three cases is shown in Figure 8b . Clearly, the decrease of |T | associated with an increase in n 0tr results in a decrease in hiss intensity, G p = 0 dB (nominal case), À4 dB (blue) and À8 dB (red). The reason for decreases in the wave amplitude of hiss is that increasing n 0tr reduces the amount of chorus power that enters the plasmasphere. The effect of n 0tr is similar to that of b except that b controls the equatorial trough density gradient and n 0tr controls the trough density gradient off the equator. The behavior of a nominal ray in density distributions with different n 0tr is compared in Figure 9a , showing that the nominal ray in high n 0tr (red line) is subject to less Earthward turning and can not access to the plasmasphere. As n 0tr increases from 500 cm À3 to 5000 cm
À3
, the least negative wave normal angle of chorus which gains access to the plasmasphere decreases from À35 to $ À45 (Figure 9b ). More chorus rays can therefore enter the plasmasphere for larger |T| (or smaller n 0tr ).
[23] Figure 10 shows the frequency and wave normal angle spectrum from three runs with different trough density distributions, b = À5 and n 0tr = 500 cm À3 (Figures 10a and  10b) , the nominal case b = À4.5 and n 0tr = 500 cm À3 (Figures 10c and 10d) , and b = À4.5 and n 0tr = 5000 cm À3 (Figures 10e and 10f) . The corresponding density distributions for these three cases are shown in Figures 1b, 1d , and 1f, respectively. Despite the much stronger hiss intensity in the b = À5 case and much weaker hiss intensity in the n 0tr = 5000 cm À3 case, compared with the nominal case, the shapes of the hiss frequency and spatial distributions are remarkably similar. The wave normal angle distributions also have similar characteristics.
Principal Conclusions
[24] In paper I, we investigated the detailed response of the hiss intensity to changes in the chorus distribution, namely to variations in L-shell, wave normal angle y and wave frequency, in a model magnetosphere with prescribed cold and suprathermal electron distributions of MLT = 10. The present analysis has focused on examining the effects of wave propagation, due to the variation of plasmapause boundary and trough densities, on the hiss intensity distribution in the equatorial plasmasphere of MLT = 10. Our principle conclusions are as follows.
[25] 1. The location of the plasmapause boundary does not significantly affect the resulting peak hiss intensity (<a few dB) but does regulate the distribution of hiss intensity inside the plasmasphere. A wider plasmapause boundary and a contracted plasmasphere tends to shift the hiss intensity peak toward lower L and also increases the fraction of the hiss wave power near the field-aligned direction.
[26] 2. The density distribution in the plasma trough significantly affects the amount of chorus power deposited into the plasmasphere. A trough with steeper density slopes near the equator or lower trough density at low altitudes can increase peak hiss intensity by up to $10 dB.
[27] 3. Our simulated hiss emission is well confined to the high density plasmasphere regardless of the shape of plasmapause, consistent with observations.
[28] 4. Regardless of the variability of plasmapause and trough density distribution, the simulated hiss frequency distribution is primarily confined to the frequency range 200 Hz-2 kHz, consistent with prior observations.
[29] 5. The relative peak amplitude of our simulated hiss, compared to the chorus source, is weaker than observed, indicating the necessity of some internal amplification inside the plasmasphere.
Discussion
[30] The cold plasma density distribution, which controls the propagation of chorus waves, is important for modeling the hiss wave power inside the plasmasphere. In our present modeling, ray tracing is performed using a statistical cold plasma density distribution. However, the dynamics and structure of the plasma density distribution shows strong dependencies on local time, the seasons, the level of geomagnetic activity and the phase of geomagnetic storms [e.g., Carpenter and Park, 1973; Grebowsky, 1970; Goldstein et al., 2002; Kitamura et al., 2009; Fu et al., 2010] , primarily involving convection drift due to corotating and convection electric field, dayside outflow from the ionosphere associated with the strength of solar radiation, nightside drainage into ionosphere and afternoon drainage plume loss to the magnetopause. The trough density distribution could also vary on timescales of days associated with slow ionospheric outflow [Harris, 1974] or on a timescale of hours associated with the storm time convection, which might also turn on or off the accessibility of chorus wave power to the plasmasphere depending on the slope of trough density with respect to L. Although the statistical trough density variation has been studied previously, the trough density distribution, especially the variation of the trough density slope, in response to storms is still poorly understood. The plasmapause boundary could influence the strength of hiss intensity near the field-aligned direction. As plasmapause moves to lower L during storm times, or as its width increases, the fieldaligned component of hiss tends to increase, which is not only important for possible wave amplification inside the plasmasphere, but can also increase the effectiveness of radiation belt electron loss, whose timescale decreases as hiss emission power concentrates at low wave normal angles [Meredith et al., 2006] . Formation of the storm time plume and its subsequent evolution can introduce new azimuthal propagation characteristics of the hiss [e.g., Chen et al., 2009a] , associated with the azimuthal density gradients.
Fine scale structure such as density crest and trough ducts, density fluctuations inside the plume and near the plasmapause might also introduce fine structure in the plasmaspheric hiss wave power distribution.
[31] Although there can be variability of plasmaspheric hiss due to changes in the chorus source characteristics (see paper I) and due to the variability of plasma density distribution, the resulting hiss intensity is still weaker than the observed value. Cyclotron resonant wave amplification inside the plasmasphere, especially in the outer plasmasphere region where plasma sheet electrons might diffuse across their Alfven layer , could be important to account for the intensity discrepancy. Our current modeling suggests that the hiss formation is primarily due to the evolution of external generated chorus waves, but also requires additional internal amplification inside the plasmasphere. The process of internal amplification may also modify the distribution of the hiss wave power over the wave frequency, wave normal angle and spatial location, because of preferential amplification of those rays that are able to pass through the outer plasmasphere with nearly field-aligned wave normal.
[32] The high density plasmasphere (>70 cm À3 ) appears to provide excellent confinement for plasmaspheric hiss, regardless of the shape of plasmapause and even without a sharp plasmapause boundary. However, the shape of the plasmapause regulates the way chorus power is distributed inside the plasmasphere, and should be treated as a boundary layer with structures rather than a strict boundary in terms of linking chorus and hiss emission. Although increasing the plasmapause width produces a smooth transition between the plasmasphere and trough density, it should be noted that our current density model still requires an existence of the outer edge of plasmapause, beyond which the trough density distribution remains unchanged. As a consequence, the increase in the plasmapause width does not change the amount of wave power reaching the outer edge of plasmapause, and only regulates the wave power distribution inside the plasmapause. However, the density model with large plasmapause width may not be well representative of realistic plasmasphere boundary layer where there is no strict boundary between them. Therefore, the dynamic evolution and local time dependence of plasmapause layer structure itself should also be considered in future hiss modeling.
[33] We have identified the dominant parameters related to the chorus source distribution (paper I) and the cold plasma density distribution in the present study that could affect hiss intensity inside the plasmasphere. The importance of each parameter is evaluated by varying one parameter at a time while keeping the others unchanged. However, these parameters are not unrelated. The plasma density distribution, including the plasmapause and plasma trough, shows strong local time and activity dependencies, and the chorus distribution also has such dependencies. For example, the chorus peak location varies with local time from relatively low L on the nightside, increasing as local time increases, to L $ 8 near noon . However, the plasmapause location shows a similar dependence, i.e., increasing from night to noon [Carpenter and Anderson, 1992] . Understanding the local time favorable for chorus power entry into the plasmasphere requires modeling the hiss spectrum by varying both chorus peak location and plasmapause location simultaneously. There is important local time dependence of other important conditions, such as the trough density slope. To understand the global distribution of hiss intensity and the optimal source of chorus that contributes most to the hiss, the local time and storm time dependence of various combination of these parameters will be required in future modeling.
